Should scientists use social media? Why practice open science? What is data science? Ten years ago, these phrases hardly existed. Now they are ubiquitous. Here I argue that these phenomena are inextricably linked and reflect similar underlying social and technological transformations.
Something Is Changing in Science
On the morning of September 14, 2015, a 200-ms ''chirp'' was detected by the Laser Interferometer Gravitational-Wave Observatory (LIGO) laboratories in Hanford, Washington, and Livingston, Louisiana. Just over 2 years later, this ''chirp''-the first experimental confirmation of the existence of gravitational waves-earned Rainer Weiss, Barry Barish, and Kip Thorne the Nobel Prize in Physics. During the intervening 2 years, the LIGO laboratories, which cost over $600 million to build, collected more than 4.5 petabytes of data.
In January 2009, just as LIGO was getting a major technological upgrade, Fields Medalist Tim Gowers wrote a post on his personal blog wherein he invited his readers to help him solve a problem in his field of mathematics. According to author Michael Nielsen in his book Reinventing Discovery, .over the next 37 days, 27 people wrote 800 mathematical comments, containing more than 170,000 words. Reading through the comments you see ideas proposed, refined, and discarded, all with incredible speed. You see top mathematicians making mistakes, going down wrong paths, getting their hands dirty following up the most mundane of details, relentlessly pursuing a solution. And through all the false starts and wrong turns, you see a gradual dawning of insight.
In the comments of Gowers' blog, and the blog of fellow Fields medalist Terence Tao, the problem was eventually solved. Now dubbed ''The Polymath Project,'' Gowers reflected that:
.something I found more striking than the opportunity for specialization of this kind was how often I found myself having thoughts that I would not have had without some chance remark of another contributor. I think it is mainly this that sped up the process so much.
Echoing the power of collaboration, when reacting to the recent announcement of winning the Nobel Prize, the New York Times noted that, ''Dr. [Rainer] Weiss said that he considered the [Nobel Prize] as recognition for the work of about a thousand people over 'I hate to say it-40 years.''' Similarly, Dr. Thorne ''said that as the resident theorist and evangelist on the project he felt a little embarrassed to get the prize. 'It should go to all the people who built the detector or to the members of the LIGO-Virgo Collaboration who pulled off the end game.''' While both LIGO and the Polymath Project involved prize-winning researchers, in most other respects, they could not appear to be more different: one is a big data technological marvel that cost hundreds of millions of dollars to construct; the other was borne out in the comments sections of personal blogs. Despite the surface-level differences in scale, the ''comments sections of two personal blogs'' are themselves a technological marvel, albeit one that is easily trivialized.
In this piece, I argue that several major trends in modern science-social media; open science, reproducibility, and data sharing; and data science and big dataare not distinct, separable phenomena; rather they are inextricably linked and reflect the same underlying social and technological transformations. That is, none can exist without the others; it is no coincidence that so many major technological events, each of which influenced scientific practice, occurred within such a short, 5-year time frame (Table 1) .
Though an incomplete accounting, each of the events listed in Table 1 marks a significant change in the scientific/ technological landscape. I group these changes into three categories, discussed in detail below: Social Media, Open Science, and Data Science.
Should Scientists Use Social Media?
Despite existing for barely more than a decade (Table 1) , major social media services such as Facebook and Twitter, which opened to the general public in 2006 and 2007, respectively, have significantly shaped the nature of social, political, and scientific discourse. While much has been said regarding whether or not scientists should ''use'' social mediaand how they should do so-what is becoming more evident is that social media can use scientists, whether they wish to be involved or not.
By this I mean that post-publication review of research can occur in the public sphere with or without the participation of the primary researchers (Faulkes, 2014) and that this can and will be done by anonymous supporters and critics (Neuroskeptic, 2013) . While frustrating
